A novel series of 5,5-dimethyl-11-phenyl-4b,5,5a,10,10a,11,11a,12-octahydro-10,11,12-triaza-indeno[2,1-b]fluorenes 3a-3l were prepared by reacting oxindole, aryl amines and acetone using dibutylamine as an organocatalyst via simultaneous Knoevenagel and Michael-type reactions. This preparation is environmentally benign, highly compatible and conveniently carried out in ethanol under mild conditions. The structures of the new compounds were determined by spectroscopic techniques, including IR, 1 H NMR, 13 C NMR and LCHRMS. Docking studies against an enoyl acyl carrier protein reductase predicted that the compounds possessed high binding affinity towards target molecules. The compound 3k (MIC, 40 g/mL) showed comparable activity with Isoniazid at the same concentrations against MT H37 Rv.
Introduction
Tuberculosis (TB) is considered an intractable disease and a major cause of death worldwide. On average, approximately 100 million people are affected with TB annually. TB accounts for approximately 3 million deaths globally every year [1] . Recently, a tremendous increase in the number of TB cases has been attributed to two factors: a 100-fold increase among HIV-infected patients and increased drug resistance by some bacterial strains. A few studies have reported that a few bacterial strains have developed drug resistance to as many as nine drugs [2] . Primary anti-TB drugs, such as Isonicotinic acid hydrazide (INH), streptomycin, and ethambutol, have been ineffective in dealing with some bacterial strains. These strains have evolved into extreme drug resistant (XDR-TB) and multidrug resistant (MDR-TB) virulent forms due to partial or inadequate drug therapy. This increase in the number of antibiotic-resistant bacteria has prompted the WHO to declare TB a major global killer [3, 4] . Antitubercular drugs act by inhibiting the cell wall growth of target bacterial strains [5] . These drugs block the biosynthesis of type II mycoloic fatty acids (a vital component in bacterial cell walls) by controlling the activity of specific enzymes (e.g., NADH enoylasereductase) necessary for cell wall formation [6] .
Natural products are the main source of inspiration in the design and synthesis of new drug molecules. Most of these natural products comprise heterocyclic cores. Among nitrogen-containing heterocycles, indole is a ubiquitous structural motif of a number of natural products, such as rutaecarpine, horsfilline, spirotryprostatin B, and cryptosnguinolentine (Fig. 1) . The indole moiety has been employed in the designing of new heterocyclic compounds with diverse biological and pharmacological properties, including antimicrobial, antitubercular, antimalarial, antitubulin, ␣-glucosidase inhibiting, and antioxidative properties, and fluorescent metal probes for molecular recognition [7] [8] [9] [10] [11] [12] [13] . However, indole derivatives bearing ferrocene moieties and carboxylate chains have been found to exhibit potent anticancer, cytotoxic and antiviral [7, [14] [15] [16] [17] properties.
Multi-component reactions (MCRs) are of immense importance in the field of medicinal chemistry. MCRs assemble several reacting precursors in a single step transformation with no need for intermediate isolation; their purification results in a desirable bioactive heterocyclic product [15, [17] [18] [19] . High atomeconomy, mild conditions, structural complexity and environmentally benign syntheses of a few valuable heterocyclic scaffolds have been the most advantageous features encountered in MCRs [5, 20] . These properties encouraged us to synthesize a novel series of 5,5-dimethyl-11-phenyl-4b,5,5a,10,10a,11,11a,12-octahydro-10,11,12-triaza-indeno[2,1-b]fluorenes 3a-3l (Scheme 1) as molecular templates capable of withstanding challenges in medicinal chemistry.
There is a global need to develop new drugs which could be effective against resistant bacterial strains. In this study, we report on the synthesis and antitubercular nature of the compounds 3a-l. Among the various targets for anti-TB drugs, enoyl-acyl carrier protein (ACP) reductase is a well-established target [21, 22] and was used for docking simulations. ACP reductase is a key enzyme for the synthesis of type II fatty acids.
Experimental

Chemicals and apparatus
Chemicals purchased from Sigma-Aldrich (Mumbai, Maharashtra, India), Himedia (Mumbai, Maharashtra, India), CDH (Lucknow, U.P. India) and Merck (Mumbai, Maharashtra, India) were used without further purification. Melting points were determined using an open capillary tube melting point apparatus and are presented without any corrections. Infrared (IR) spectra were recorded on a FTIR (Shimadzu, Japan) Shimadzu-8400S spectrometer using KBr pellets. 1 H NMR (Bruker Avance, Germany) and 13 C NMR spectra were recorded on a Bruker Avance 500 spectrometer using tetramethylsilane (TMS) as an internal standard and CDCl 3 as a solvent. LCHRMS (Bruker Microtoff-QII, Germany) was determined on a Bruker Microtoff-QII 10330 mass spectrometer. The purity of the compounds were checked by TLC using Merck pre-coated silica gel, GF aluminium plates, and a methanol:chloroform:ethyl acetate (1:3:5) solvent system. 5,5-dimethyl-11-phenyl-4b,5,5a,10,10a,11,11a,12-octahydro-10,11,12-triaza-indeno [2,1-b] 
General one pot synthesis of
fluorenes (3a-l)
An ethanolic solution of oxindole (2 mmol) and aniline (1 mmol) in the presence of dibutylamine (10 mol%) was refluxed for a specified time period (or stirred at room temperature). Then, 4 mL of acetone were added. The mixture was again refluxed (or stirred at room temperature) until reaction completion (monitored by TLC). The obtained precipitate obtained was filtered and successively washed with water and hexane. The precipitate was then recrystallised from ethanol and vacuum dried to obtain a pure product (3a-l). Subsequently, the product structure was confirmed by IR, 1 H NMR, 13 C NMR and LCHRMS. 5, 5, 5a, 10, 10a, 11, 11a, 11, [2,1-b] 
2.2.1.
fluorenes (3a)
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triaza-indeno[2,1-b]fluorene (3i) IR (KBr) (ν max cm −1 ): 744.9 (C-Cl), 1090 (C-C), 1242 (C-N), 1565 (C C), 3095 (C-H),
In vitro biological evaluation assay
Antitubercular activity
A mycobacterium tuberculosis bacterial strain (MTCC CODE 300) was purchased from the Institute of Microbial Technology (MTCC), Chandigarh (India) and was cultured in blood nutrient agar medium in late logarithmic fashion (A 600 nm = 1). Bacterial strains possessing plasmids adhering to an Isoniazid resistance marker were cultured in the same medium containing 100 g/mL Isoniazid. As a control, 0.5 L bacterial spread were streaked onto LB agar plates (25 mL agar medium ± 90 g/mL Isoniazid discs over 9 cm Petri plates). Filter Whatman discs (5-mm diameter) were treated with 5 L of compound solutions, including the reference shown in Table 3 . Afterwards, the discs were air-dried for 7-10 min and kept over the Petri plates. These plates were incubated at 37 • C for approximately 48 h in a humidified chamber [23] . Subsequently, the inhibition diameters were observed and carefully measured.
Docking study
A high-resolution crystal structure of enoyl-ACP reductase was downloaded from the RCSB PDB website (PDB ID: 1QG6) [24] . All molecular docking calculations were performed on AutoDock-Vina software (Los Angeles, USA) [25] . The protein was prepared for docking by removing the co-crystallized ligands, water and co-factors. An AutoDockTools (ADT) graphical user interface was used to calculate Kollman charges and polar hydrogen sites. Ligands were prepared for docking by minimizing energy with a MMFF94s force field. Partial charges were calculated by the Geistenger method. Enzyme active sites were defined to include active site residues within a 40Å × 40Å × 40Å grid. The most popular algorithm, the Lamarckian Genetic Algorithm (LGA), available in AutoDock, was employed. The docking protocol was tested by extracting the cocrystallised inhibitor from the protein and subsequently, docking the inhibitor. The docking protocol predicted the same conformation present in the crystal structure. The RMSD value was well within the predicted range of 2Å (Fig. 2) . Of all the explored docked conformations, the one binding well at the active site was analyzed for detailed interactions in Discover Studio Visualizer 4.
Results and discussion
Synthesis
To the best of our knowledge, this synthetic strategy provides the first example of a facile three component protocol for the preparation of novel 5,5-dimethyl-11-phenyl-4b,5,5a,10,10a,11,11a,12-octahydro-10,11,12-triaza-indeno[2,1-b]fluorenes (3a-l). To obtain the best experimental conditions, the reaction conditions were optimized for the preparation of 3a as a model reaction at room temperature and at reflux conditions. As depicted in Scheme 1 oxindole and acetone were treated with different aryl amines. A number of solvents in the presence of a variety of catalysts (with or without suitable additives) were used to design the reaction media. Initially, dichloroethane (DCE), a nonpolar solvent, in presence of anhydrous FeCl 3 , produced 3a with poor yields and prolonged reaction times (Table 1 ; entry 1, 16%) [26] . Afterwards, reactions were performed using polar aprotic solvents, such as tetrahydrofuran, dimethyl sulphoxide (DMSO), dimethyl formamide (DMF) and acetonitrile (ACN), with different metal catalysts, such as Li(OH) 2 , CuO/I 2 , CuI/K 2 CO3 and Cs 2 CO 3 . The corresponding product yields were slightly improved at 19%, 12%, 23%, 19% and <7% (Table 1 ; entries 2-6); however, prolonged reaction times were still observed [15, [27] [28] [29] [30] . The reaction was then carried out in polar protic solvents, such as in methanol (MeOH), ethanol (EtOH) and polyethylene glycol (PEG), using catalysts pyrollidine, anhydrous ZnCl 2 , AcOH, 4-dimethylaminopyridine (DMAP) and KH 2 PO 4 . Under these conditions, the reactions occurred smoothly with improved product yields and reaction times. Isolated product yields were 21%, 35%, 39%, 44%, 26%, 53% and 47% (Table 1 ; entries 7-12) [7, 18, [31] [32] [33] [34] . This solvent screening strategy enabled us to determine the most suitable solvent to provide a sufficient product yield and a reasonable reaction time. Ethanol was considered the best solvent; in the presence of a suitable organocatalyst (i.e., dibutylamine), the use of ethanol produced 3a (Table 1 ; entry 13, 83%) at a higher yield than all other considered solvents [35] . A potential mechanism explaining the above reaction is depicted in Scheme 2. Herein, the carbonyl group of oxindole 1 is converted into its enol form, resulting in the formation of 2. Intermediate 2 undergoes a facile nucleophilic addition from an aryl amine to produce 4, which tautomerized to 5, which upon dehydration, gives imino intermediate 6. However, if the oxindole was condensed with acetone, intermediate 7 The synthesized compounds were fully characterized by different spectral techniques, such as IR, NMR and HRLCMS. The IR spectrum of compound 3a exhibited sharp bands at 1090 cm −1 and 1247 cm −1 , which are assigned to C-C and C-N stretching frequencies, respectively. The band at 1560 cm −1 is attributed to C C stretching, whereas aromatic C-H stretching was observed at 3005 cm −1 . In the I H NMR spectrum of 3a, three singlets were recorded at 1.8, 3.4 and 3.9 δ ppm due to the protons of C6/C7-CH 3 , C8-CH and C15-CH, indicative of a piperidine ring. The proton at the C13 position showed a doublet at 6.6 δ ppm, whereas the aromatic protons of a phenyl ring showed a resonance multiplet from 6.9-7.2 δ ppm. A singlet due to indolic proton was recorded at 8.9 δ ppm. The 13 C NMR of compound 3a confirmed the number of carbon atoms. In this spectrum, signals approximately 26-76 δ ppm were attributed to methyl and methine carbon atoms. Peaks between 111 and 136 δ ppm were assigned to aromatic carbon atoms. The two peaks observed at 139 and 155 δ ppm could be attributed to carbon atoms at the C20 and C14 positions. These results were further confirmed by mass spectra, which showed a molecular ion peak m/z 368 [M+H] + in agreement with the molecular weight of the compound.
Under optimized conditions, a number of reactive ketones (i.e., butanone and 1,3-diphenylacetone) were substituted for acetone. However, these reactions had unsatisfactory results. The present strategy tolerated electron withdrawing and electron donating substituents. The reactions proceeded smoothly to afford corresponding products with desirable yields. The electron donating, alkyl-substituted anilines gave better yields than the electron withdrawing chloro-and nitrosubstituted anilines (Table 2 ). This may be due to the higher nucleophilicity of aryl amines bearing electron donating substituents than aryl amines bearing electronwithdrawing substituents.
Docking study
The docking study revealed that the synthesized molecules bind at the same site where the co-crystallised drug Triclosan attached (Fig. 2 ). Ala95 and Tyr156 formed H-bonds of lengths 2.06 and 2.97Å, respectively, with 3e, the highest scored molecule (Fig. 3) . Met159, Ala196, Ile200, Pro191 and Ile20 were involved in alkyl-interactions with the electron cloud of the molecule (Fig. 3) [36] . These interactions and other weak forces were responsible for the formation of a strong ligand-macromolecule complex. These findings predicted that the molecules had high affinity towards bacterial enoyl-ACP reductase. The docking study predicted binding affinity values greater than −9 kcal/mol for all ligand-ACP-reductase complexes. These results further corroborated the earlier findings (Table 3) . After compound 3e, compounds 3i and 3k scored high. These computational predictions were compared with in vitro antitubercular activity evaluations.
In vitro anti tubercular activity
As shown in Table 3 , compounds 3d, 3e and 3k inhibited bacterial growth to appreciable levels with respective MIC values of 40, >40 and 40 g/mL when using Isoniazid as a standard against mycobacterium tuberculosis. However, the other tested compounds showed MIC values ranging from 80 to 160 g/mL (Table 3 and Fig. 4) . No clear relation was observed between lipophilicity (calculated log P) and MIC. Compounds 3d, 3e, 3f, 3j, 3k and 3l were the most active compounds and carried chloro and nitro substituents at the para and ortho positions of the phenyl ring. In particular, the nitro derivatives showed better activity when compared with the chloro, methyl and ethyl derivatives. Thus, the electron withdrawing groups reinforced the antitubercular activity of the synthesized indole derivatives (3a-l). Among the nitro derivatives (3e, 3f, 3k and 3l), the para substituted indole derivatives (3e, 3k) were more active compared with the ortho substituted derivatives. Thus, the volume and substituent position significantly affected the biological evaluation of a compound. The observed activity trend seemed to be due to molecules binding at the target active site as predicted by docking (Fig. 3) . Compound 3k showed better inhibition than all other compounds at the same concentrations.
Conclusion
In this study, we reported a mild and sustainable approach for the synthesis of 5,5-dimethyl-11-phenyl4b,5,5a,10,10a,11,11a,12-octahydro-10,11,12-triazaindeno[2,1-b]fluorene derivatives by using an MCR protocol. This synthesis has several advantageous features, including operational simplicity, better yields, reduced reaction times and ease of product isolation. Docking studies and in vitro antitubercular evaluations showed that the derivative compounds (3a-l) exhibited moderate to good activity against Mycobacterium tuberculosis strain MT H37 Rv. Further structural modifications to these derivatives could be used to generate a library of antitubercular analogues which may exhibit enhanced selectivity. Moreover, the present study indicated that the presence and relative position of nitro groups (3e, 3k) significantly affected the behaviour of triazaindeno[2,1-b]fluorenes as novel inhibitors of enoyl-ACP reductase.
